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© New expression control sequence. 



© ^ew axpresaon control sequences useful in the expres- 
w of pro- or eukaryotiq proteins in prokaryotjc organisms 
are provided comprising a cofiphage T5 promoter combined 
with a DNA sequence which permits the control of promoter 
activity. Also described are expression vectors containing 
these expression control sequences and processes using 
same tor tfie manufacture of pn> or eukaryotic polypeptides. 
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The present invention relates to new expre s si on control 
DNA sequences, to expression vectors cont ai ning these 
DMA sequences, to host cells transformed with these ex- 
pression vectors, to methods tor the manufacture of said 
expression control DNA sequences, expression vectors and 
transforrnants, and to methods for producing pro- and 
eukaryotte proteins by using the new expression control 
DNA sequences, vectors and traraformanta. 

The level of production of a protein in a host cefl is 
governed by three major factors: trie rwimber of ccjxes of its 
gene within the cell, me efficiency with which those gene 
copies are transcribed and the efficiency with which the 
resultant messenger RNA (*mRNA*) is translated. Effi- 
ciency of transcription and translation is ri turn dependent 
upon the nucleotide sequences which are normally situated 
arieedof the desired coding sequence or gene. These 
nucleotide sequences (expression control DNA sequences) 
defeie, liter aSa, the location at which RNA polymerase 
Interacts (the promoter sequence) to inmate i nscrip tion 
and at which nbosornes bind and interact with the mRNA 
(the product of transcription) to initiate translation. 

Not aB such expression control DNA sequences func- 
tion wift equal efficiency. It is thus often of advantage to 
separate the specific coding sequence or gene for a desired 
protein from its adjacent nucleotide sequences and to fuse it 
to other expression control DNA sequences so as to favor 
higher levels of expression. This having been achieved, the 
rttwty-enpjneered DNA fragment may be inserted too a 
higher copy number ptasmid or a toefftrinptftge derivative 
n °? er to mcrea88 number of gene copies within the 
cell ihereby improving the yield of the desired protein. 

Because over-production of even normally non-toxic 
gene prooucta may be harmful to host ceDs and toad to 
decreased stabffity of particular host-sector systems, an 
exrjresston control DNA sequence, in addition to improving 
ihe efficiency of tt an sc rtp Uon and translation of cloned 
genes, should be mate oontrofiabie so as to aDow modula- 
tion of expression during bacteria! growth. For example, 
controllable expression control DNA sequences are ones 
that may be switched off to enable me host cefis to propa- 
gate without excessive buBd-up of gene products and later 
be switched on to promote the expression of targe amounts 
of the desired protein products, which are under the control 
of those expression control DNA sequences. 

Seve ral expression control DNA sequences, which sat- 
tefy sow® of the criteria set forth above, have been em- 
ployed to express DNA sequences and genes cooing for 
prote&wand polypeptides in bacterial hosts. These Include, 
tor example, the operator, promoter and ifeosorne binding 
and interaction sequences of the lactose operon of Ecofi 
(e^., K_ rtaxura et aL, "Expression in Escherichia COS of a 
cheriricaBy synthesized gene for the normone somatostatin - . 
Science. 198. pp. 1056-1063 [1977^ D.V. Goeddel et aL, 
"Expression in Eschenchia cofi of chemically synthesized 
genes for human insulin*, PNAS USA, 76, pp. 106-110 
[1979D, the corresponding sequences of the tryptophan 
synthetase system of E cofi (J.S. Emtage et aL. "Influenza 
antigenic Determinants are expressed from Kaemaggjutinin 
genes ctoned in Escherichia ctxT. Nature, 283, pp. 
171-174 {I980t J-A. Martial et aL, "Human growth hor- 
mcrte: Cornpteirierrtary DNA donmg and expression in bac- 



tena". Science, 205, pp. 602-607 [1979]) and the major 
operator and promoter regions of phage X (H. Bernard et 
aL, "Construction of ptasmid cloning vehicles that promote 
gene expression from the bacteriophage lambda P L pro- 
5 moter*. Gene, 5. pp. 59-76 [I979fc European patent ap- 
plication, publication no. 41767). 

The present invention provides a novel and improved 
expression control DNA sequence comprising a cofiphage 
T5 promoter combined with a DNA sequence which permits 
10 the control of promoter activity (regulating sequence). 

More precisely the present invention allows to combine 
a DNA sequence which permits the control of promoter 
activity with a cofiphage T5 promoter white maintaining at 
the same time the highly efficient promoter function of the 
f5 cofiphage T5 promoter. 

In this invention T5 promoters are defined as pjom u te r 
function mediating DNA sequences occurring in genomes of 
the cofiphage T5 family and functional combinations derived 
from such sequences. 
20 NaturaDy occurring T3 promoters are known to be 

efficient t ran scri pti o na l initiation signals (A. von Qabatnand 
H. Buferd, "irrteraction of Exofi RNA polymerase with pro- 
moters of cofiphage T5V Mofec. gen. Genet, 157. pp. 
301-311 [1977D with the foUovring main properties: 

25 

(0 they exhibit a high forward rase constant in the complex 
formation between the p r omo te r sequence and Ecofi RNA 
fxxymerase (A. von Gabatn and K Bujard, "interaction of 
Escherichia cofi RNA polymerase mi promoters of several 
30 cofiphage and ptesrrod DNAs", PNAS, 76. pp. 189-193 
(1979D; 

(a) they initiate RNA synthesis in vivo and in vitro with 
unusually high rates; 

36 

(S) they contain conserved sequences in 5 regions of the 
RNA polymerase binning she (H. Buard et at, "Integration 
of efficient promoters of the Ecofi system into plasm* 
vectors", in Gene Amplification and Analysis, VoL 3: Ex- 
40 pression of ctoned genes in prokaryotic and eukaryobc cefis, 
eda T.S. Papas. M. Rosenberg, and J.GL Qhiraqtan; El- 
sevier New York-Arnsterdam-Oxtord. pp. 65-B7 [1983]) and 

frv) cloned in expression vehicles these prornoters are not 
<5 refflrtatapte. 



TB promoters useful in the present invention are those 
of the "preea/ty" "eery and "lata" exp res sion class of the 
so phage, especially the sequences described in the tfssera- 
tton of R Gentz. Unrversftet Heidelberg, 1984: P Mn p„ 
(named P»cs in tne present spec«fcation). P„, G», P^, 
(named P„ in Bujard et aL supra), P^t* G», G„ G„ 

55 The DNA sequence of some of the preferred T5 pro- 

moters mentioned above are indicated fn Table I below: 



Table 1 
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Table i shows the nucleotide sequence of these tour 
T5 promoters reacting rapidly with E.cofi RNA potymerasa 
Regions of major homology are boxed. Most striking are the 
■homologies in -10. -33. -43, and +7 regions, as wen as me 
precise spacing (18 bp) between -10 and -33 homologies. 
The underlined sequences centering around -43 ireficate 
regions where a Strang selection against GC base pairs 
occurs. 

DMA sequences which permit the control of the pro- 
moter activity are known in the art They occur in operons 
(regutatabte expression unit) of various types (Jit MiDer 
and W.S. ReznOroff, "The operon", Cold Spring Harbor 
Laboratory [1980]). One such type is a negatively con- 
trolled expression unit whose essential element is an oper- 
ator sequence which interacts with a repressor protein. The 
coding sequence tor the repressor protein can be located 
on a ptasraj carrying the operator, or on a separate vector 
or hi me nest cnromosome. 

Preferred DMA sequences which permit the control of 
the promoter activity, used in this invention, are 
operator/represser systems. Especially preferred is the sys- 
tem of the lac operon consisting of the nature tec operator 
or functional sequences derived therefrom and repressor 
encocSrtg DMA sequences producing natural or modified 
repressor molecules (J.R MiDer and W.& Reznfcoft, supra). 

The expression control DMA sequences of the present 
invention can be obtained as follows: 

A cotiphage T5 promoter sequence can be combined 
in a manner wefl known tn the art with one or more 
sequencers) which permit the control of promoter activity 
(regulating sequence) to a functional unh whereby the posi- 
tion of the regulating sequences e.g>, an operator can vary. 
In such combinations the regulating sequence can be posi- 
tioned within or outside the T5 promoter sequenca Thus, a 
regulating sequence may be integrated within the promoter, 
may be partially overlapping with or may proceed or toflow 
the promoter at various distances without any overlap. . Pref- 
erably the regulating sequence overlaps the promoter se- 
quence between position +1 and +20. -13 and -30 and/or 
-34 and -50 (romendature as in table I). Further preferred 
positions are regions "cownstream* of position +20 up to 
+200. Especially preferred sites are those where the regu- 
lating sequence ag.. the lac operator se quence, overlaps 
the T5 promoter sequence until posittofr^fc-in analogy to 
the lac operon. in Exoti, as shown in Fig. 7. 

The expression control DMA sequence of the present 
invention can be obtained in accordance with methods 
well-known in DMA chemistry inducing total chemical syn- 
thesis of the respective DNA sequenca 

In the preferred embodiment of this invention the tec 
operator can be negatively regulated by the lac repressor 
protein which is coded oy the lac i-gena To obtain proper 
amounts of repressor molecules inside the cell the cor- 



15 

responding gene can be ovarexpressed by conventional 
methods, for example by integrating the lac l q gene {J.R 
Milter and W.S. Reznftofl. supra; MP. CaJos, "DNA se- 
quence of a tow-level promoter of the lac repressor gene 

20 and an 'up' promoter mutation, Nature, 274. pp. 762-765 
(1978]) into a vector comprising the above expression con- 
trol sequence. 

The expression sequence of this invention can be 
introduced in any convenient expression vector of plasmkJ 

25 or phage origin in a manner known per se. Convenient 
expression vectors of plasm id or phage origin are mentioned 
ag., in the laboratory manual "Molecular Cloning" by Man- 
ians el ai, Cow Spring Harbor laboratory, 1982. 

Members of the pDSl-femfly of ptesmids were shown 

so to be suitable tor the stable integration of transcriptional 
signals of exceptional strength (D. Stuber and R Bujard, 
transcription from efficient promoters can interfere with 
ptesrrud replication and Diminish expression of otasmid 
specified genes". The EM BO Journal. 1, pp. 1399-1404 

35 [1982D. 

Therefore the preferred vectors used in this invention 
« are those of the pOSi family. These ptasmids are derived 
from ptesmid pBR322 and comprise ag_, pDSi.tot* and 
pOSl. to 2* resulting m ptasmid constructions Eke 
40 pDS2/Pies*o,tor andpDS3^ M 25X rt) ,t 0 r. 

Exofi attains containing plasmtds useful for such con- 
structions (ExoJi M15 transformed with pDSl.t Q i*; 
pDSi,to2*; pDSDC.1) were deposited at Deutsche Samm- 
teng von MiXrcorganismen (DSM) in GOttingen on Decam- 
ps bar 11, 1984, the accession nos. being DSM 3135. DSM 
3136, DSM 3137 respectively. 

The DNA sequences that may be expressed by the 
expression vectors of this invention may be selected from a 
large variety of DNA sequences that encode prokaryotic or 
so eukaryotic polypeptides in vivo or in vitro. For example, 
such sequences may encode enzymes, hormonos, polypep- 
tides with immurKMnc<ruiaJory, anti-viral or anti-cancer prop- 
erties, antftxxfies, antigens, vaccines and other useful poly- 
peptides of prokaryotic or eukaryotic engirt 
55 Examples of proteins which can be expressed by using 

the improved expression control system of the present in- 
vention are dihydrofoiate reductase, chloramphenicol acetyl- 
transferase, malaria surface antigens, rymphokins fike 11-2. 
interferons a, 0 and % insuQn and insulin precursors, growth 
60 horrnones, tissue plasminogen activator or human renin. 

Methods tor expressing DNA sequences coding for 
prokaryotic or eukaryotic proteins using the expression vec- 
tors of this invention are well known (ManiaOs et ai, supra). 
They include transforming an appropriate host with the 
65 expression vector having the desired DNA sequence oper- 
atrvefy finked to the expression control sequence of me 
vector, cuituring the host under appropriate conditions of 
growth and isolating the desired polypeptide from the cui- 
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turn. Those of ski n me art may select from these known 
methods those that are most effective far a particular gene 
expression without departing from the scope of this inven- 
tion. 

The selection of a particular host far use in this inven- 5 
ton is dependent upon a number of lectors recognized by 
the art These include, for example, compatibility with the 
chosen expression vector, toxicity of the proteins encoded 
for by the hybrid ptasmid, ease of recovery of the desired 
protein, expression criaiacteristics, btosafety and costs. 10 
Within these general guktefines, examples of useful bacterial 
hosts are granvrtagative and gram-positive bacteria, espe- 
dafly strains of Exofi and B^ubtflis. The most preferred 
host cell of this invention is Exofi Mis (described as 
. DZ29T in UJL v^arejo et at. "4-GaJactosidase from ter- is 
mination and deletion mutant strains", J. BacterioL, 120, pp. 
466-474 [1974]). However other Exofi strains such as 
Exofi 294 (ATCC No. 31446) and Exofi RRi (ATCC No. 
31343) can also be used. 

The present invention wfll be better understood on the 20 
basis of tho foOowtng examples when considered in connec- 
tion witn the foOowing fibres: 

The abbreviations and symbols used are: B. E. H. P, X 
and Xb which indicate sites for restriction enocnucteases 
BamU B coW. Hincfiil, Pstl. Xhol an d XbaJ. respecfively. 2s 
fiii'M ^ repre sents p ro nwien y EBSgi represents rfoosomaJ 
binding stes^imirepresents terminaior to ;ES£3 repre- 
sents lac operator (O) or parts of fcPT I represents 
promoter P^ (P^t^ represents region required for 
DNA-repfcation (nepL);M» represents coding region ei- 30 
ther for dmydrofttfat reductase (dhfr), crtioramphertboJ ac- 
etyftransferase (cat), 0 -lactamase (bta) and tac repressor 
(tad) or for parts of the cooing region for chbxamphenicol 
ecetyttrensferese (caf);M represents parts of me cod- 
ing region tor *-o*iactosio*se (lac Z"). 35 

Figure 1. Part a) is a schematic drawing of the ptasmid 
pDSl,tol*. The nucleotide se qu ence of the 
EcoRl/XbaJ -fragment contammg the dhfr-gjene, terminator to 
arxJ the cat-gene is displayed in part b). Here the restriction 40 
e nr trt mrtea s e sites inocated in part a) ere overinett In 
addition the p8R322 entity of pOSl^r is schematically 
shown, where the given numbers refer to the nucleotide 
sequence of pBR322 (J_G_ SutcWfe. "Complete nucleotide 
sequence of the Escherichia oofi ptasmid pBR322*. Cold 45 
Spring Harbor Symp. Quant BfcjL, 43, pp. 77-90 [1979]. 

Figure 2 is a schematic drawing of the ptasmid 
pDSl/P N25 .t 0 r. The nucteotide sequence of the Xhol- 
fragment carrying promoter P^ is displayed The site of 50 
Initiation and the direction of transcription are indicated by 
the arrow. 

Figure 3 is a schematic drawing of the ptasmid pEX07 lac 
OP 2. The nucteotide sequence of the 55 
EcoRl/Hinrfll l -fragment carrying the lac ope ra tor is dis- 
played. 

Figure 4. Part a) is a schematic drawing of the ptasmid 
0OS1 ,to2* . The nucleotide sequence of the 
XrwI/Xbal-fragirient containing the tihfr-gene, the cat-gene 
and teimtnator t© is displayed in part b). Here the restriction 
endonuclease sites indicated in part a) are overfeed. In 
addition the p8R322 entity of pDSl.WT is schematically 
shown, where the given numbers refer to the nucleotide 65 
sequence of p8R322 (J.Q. Sutcfiffe, supra). 
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pDSOCi. The nucleotide sequence of the 
EcoRt/XbaJ-fragment containing me lac Hjane, pans of me 
lac Z-gene (lac Z*) and the cm-gene is displayed in parts b) 
and c). Here the restriction endonuotease sites indicated in 
part a) are overfined. In addition me pBR322 entity of 
pOStX.1 is schematically shown, where me given numbers 
refer to the nucteotide sequence of pBR322 (J.G. Sutcfiffe, 
supra). 

Figure 6a.b,c is a schematic outline of the construction of 
the promoter /operator fusion Pn25*o embedded in the ptas- 
mkl pDS2/P H2&*MT' 



Rgure 7 tfspiayes me nucleotide sequence of the 
Xhoi/Ecofll tragmem containing ma promoter/operator fu- 
sion Pigsx/o- The site of initiation and the c&ection of 
transcription are indicated by the enow. 

Figure Saubx is a schematic outfine of the construction of 
plasmids pDSXIU pOS3ffW*,t»2* and pOSXIII,i. 

Figure 9 is an e l ec t ropheregr am monitoring protein synthe- 
sis in the absence or presence of IPTG in Exofi M15 
harboring plasmids pOSXU.3 (lane 1). pOSZ/Pies X/o,to2* 
panes 2 and 3) or pDS3/P itsx*.^ Oanes 4-7). 

The construction of the prornotoifaperator fusion pn 
losXyo of this invention is described more in detafl in the 
foOowtng examples: 



Description of plasmids used for the construction of pro- 
moter PlOSXo 



A. Principles 

pDSI. 1 0 r (figure 1) and pOSl, to2* (figure 4) were 
chosen as vectors not only for the integration of promot e r 
Pita end the construction of the fusion between promot e r 
Pie&snd the lac operator but also for the de m onstr a tion of 
the function of the resulting promoter/Operator fusion 
Pkzsxjo- 

Although mere are several well defined sources for 
promoter P ics. ptasmid dOSI/Pm^I* (figure 2) carrying 
this element on an EcoRJ -fragment was chosen as source 
for promoter Pnzs whereas p€X07 lac op 2 (figure 3; H. 
Weiher. "Untarsuchungen zur Struktur und Funktion von 
Exofi Prornotoren: Variation des Lac Promoters durch 
geriete NeuKortstruKtion von Tedsequenzen und 
Mutageneso", PhD. thesis. University of Heidelberg, FRQ 
[1980]) comprising 21 basepairs of the lac operator was 
chosen to provide the operator entity in me 
prornoteffoperator fusion. The lac repressor is encoded by 
the lac I gene. Since a promoter is efficiently repressed by 
binamg of repressor to the operator only if sufficient 
amounts of repressor molecules are present, the lac l q aOsJ 
was used with a mutant promoter resulting In an in cr e ased 
transcription of me gene to provide enough repressor mol- 
ecules. As source of this mutant lac I gene ptasmid ptX,l 
was chosen (figure 5). 



Figure 5. Part a) is a schematic drawing of the piasmid 



4 



0 186 069 



8 



B. Ptasmid pDSl,t©1* 

The part of pDSl.fci* (figure 1; D. Stiiber and H. 
Bujard, supra) between the sites for restriction en- 
donucteases XbaJ and EcoRI containing the region required 
for DMA repfica&on and maintenance of the plasmid in the 
cell and the entire gene for ^lactamase conferring resis- 
tance to amptcflfin is pBR322 derived (F. Bolivar et aU 
"Construction and characterization of new cloning vehicles 
II. A multipurpose cloning system", Gene, 2. pp. 95-113 
[1977^ J.G. Sutctiffe. supra). The remaining part of the 
plasmid carries sites for restriction enconucteases Xhd, 
EcoRI and BamHI followed by the coding region for 
cTihydrrjfoiato reductase of mouse AT-3000 ceO fine (A.C.Y. 
Chang et at, "Phenotypic expression in E cofi of a DMA 
sequence coding for mouse dmydrofoJate reductase". Na- 
ture. 275, pp. 617-624 [1978); J.N. Masters and 0. AtKWfi. 
■The nucleotide sequence of the cDNA coding for the 
human cffliydrofoBc add reductase", Gene, 21, pp. 69-63 
[1983]), by the terminator to of phage lambda (E. Schwarz 
et at. "Nucteotide seq u ence of era clt and part of the O 
gene in phage X DNA". Nature, 272. pp. 410-4 u [1978* 
D. S tuber and K BujardL supra) and by the promoter-free 
gene for chloramphenicol acetyttransf erase (R Marcofi et 
at, "The DNA sequence of an IS1 -flanked transposon 
coding for resistance to chloramphenicol and fustdic acid*, 
FEBS Letters, 110, pp. 11-14 [1980]). 

C. Plasmid pDSl/Ptos ,tol* 

Plasmid pOSl/Pie5.tor (figure 2) corresponds to 
pDSl.t<>1\ (figure 1) but contains on an XhoJ -fragment 
promoter Pus of Exoli phage T5 (A. von Oabain and H. 
Bujard, supra; D. S tuber et at, "Electron microscopic analy- 
sis of in vitro tran s criptional complexes: Mapping of promot- 
ers cf the cofiphage 75 genome". Molec. gen. Gen„ 168. 
pp. 141-14S (1978J; H. Bujard et at, supra). 

D. Piasmid pEX07 tec op 2 

Plasmid pEX07 lac op 2 (figure 3; H. Weiher, supra) is 
a derivative of pBR322 (F. Bofivar et at, supra; J.G. 
Sutcfifle, supra) where the EcoRi^indin-fragment of 
pBR322 is replaced by an EcoRI/Hindlll-fragment contain- 
ing 21 basepairs of the lac operator sequence (J-R Miller 
and W5. Razrukoff, supra). 

E. Plasmid pDS1.to2* 

The part of pDSLtoZ* (figure 4; D. Stuber and H. 
Bujard. supra) between the sites for restriction en- 
do nu cteases XbaJ end Xhof containing the region required 
for DMA replication and maintenance of the plasmid in the 
cell and the entire gene for ^-lactamase confering resis- 
tance to ampiciflin is pBR322 derived (F. Bo&var et at. 
supra; J.G. Sutcfina. supra). The remaining part of the 
olasmid carries sites for restriction endoiucfeases EcoRI 
and BamHI followed by the cooing region for dihydrofbtata 
reductase of mouse AT-3000 ceD Gne (A.C.Y. Chang et at, 
supra; J.N. Masters and Q. Attardi, supra), by the 
promoter-free gene for chloramphenicol acetyttransf erase 
(R. Marcofi et al, supra) and by the terminator f 0 of phage 
iambda (E. Schware et at, supra). 



P. Plasmid pDSDC.1 

Plasmid pOSlX.1 (figure 5) carries the identical part of 
PBR322 as plasmid pDSl.tol* (figure 1). In addition it 

5 contains the entire gene for the lac repressor (P.J 
Farabaugh, "Sequence of the lad gene". Nature. 274, pp. 
785-769 (1978D with the promoter mutation l q (MJ>. Catos, 
supra) followed by sites for restriction endonucfoases EcoRI 
and XhoJ, by the regulatory and part of the coding region of 

to the gene for a-galactosidase (A. Kainins et aJ., "Sequence 
of the lac 2 gene of Escherichia coir. The EMBO J.. 2, pp. 
533-597 (1983); R. Genu et at, "Cloning and analysis of 
strong promoters is made possible by the downstream 
placement of a RNA termination signal". PNAS. 78. pp. 

15 4936-4940 (1981]) and by the promoter-free gene for 
chforajTipherttcol acetyftrar»sferase (R Marcofi et aU supra). 

Example 2 

20 

Construction of the plasmid pDs2/Pn25Xyo,to2* carrying the 
pronrterfoperator fusion Pics *□ 

The prornoter/operator fusion PuzsAo was prepared 
25 and embedded in pDSl.to ? to give pDS2/Pie$*o,t© T in 
a sequence of steps. These are depicted in figure 6 and 
more fu»y described below. 

A. Preparation of the promoter entity of the 
30 promoter/operator fusion 



a) Isolation of the EcoRMragment containing Prcs 

OS To isolate the EcoRI -fragment carrying promoter Pros, 32.5 
MQ of plasmid pDSi /Pistol* were digested with EcoRI 
. (figure 6a) and after extraction with phenol followed by 
treatment with ether and subsequent precipitation with 
ethane! the DNA fragments were separated by etec- 

40 troptioresis in a 5% pdyacrylamid geL Following visuafiza- 
lion of the DNA by staining with ethnfium bromide, the 
fragment carrying Pm25 was cut out of the gel and aimed by 
shaking the mashed gel slice for 10 hours in a buffer 
corrtammg ZS mM Tris/HCJ (oH 7j6) and 0.25 mM EDTA. 

45 After removal of me gel pieces by centrifugation. the result- 
ing supernatant was extracted with phenol, treated with 
ether and the DNA fragm en t collected by precipitation with 
ethanot 1.3 ug of the prorrater-fragment were isolated in 
this way. 

50 

b) Limited digestion of the EcoRMragment with Hinfl 

1 ug of the EcoRI-ftagrnent was incubated in a volume of 
120 ul in a buffer containing 100 mM socfium chloride with 

55 21 units Hinfl for 9 minutes at 37°C. The enzyme was 
inactivated by incubation of the mixture for 7 minutes at 
65"C and withdrawn by three extractions with phenol. After 
removal of the residual phenol by extraction with ether the 
DNA was precipitated with eihanol and stored in a buffer 

GO containing 5 mM Tris/HCI (pH 7.6), 0.5 mM EDTA and 100 
mM sodium chloride. Analysis of the DNA by elec- 
trophoresis in a 6% pbryacrylamid gel revealed that about 
60% of the EcoRI -fragment molecules had been cleaved by 
Hinfl. 

65 

c) Extending the recessed 3'-ends with DNA polymerase I 
0.17 pg of the Hinfl digested DNA was incubated in a 
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volume of 25 pi in a buffer consisting of 100 mM potassium 
Phosphate (pH 7.0). 100 mM potassium chloride, 7 mM 
magnesium chloride, 25 uM each of the four 
ctocynudeos^triphosphatBS with 5 units of DMA poly- 
merase I for 40 minutes at 20°C. After removal of the 
enzyme by extraction with phenol, the solution was 
chnxnatographed through Sephadex 075 equSbrated in a 
buffer of pH 7.7 consisting of ZS mM Tris, 025 mM EDTA 
and 60 mM potassium acetate. DMA containing fractions 
woe combined before the DMA was precipitated with 
ethand and stored in Ggation buffer supplemented with 50 
mM socfium chJorida The resulting solution with 0.08 pg 
DNA contained fragment 1 (figure 6a). 



B» Preparation of the 
promoter/operator fuson 



operator entity of the 



a) Limited digestion of pEX07 lac op 2 

14.5 pg of ptasrmd pBC07 tec op 2 (figure 6b) were 
incubated In a volume of 250 jd with 1.5 units EcoRf for 50 
minutes at 37 »C. The enzyme was inactivated by incuba- 
tion for 7 minutes at 65 # C and withdrawn by extraction with 
phenoL After removal of residual phenol with ether the DNA 
was precipitated with emanol and stored in a buffer consist- 
mg til ZS mM Trfs/HCl (pH 7.6) and 0-25 mM EDTA. 
Analysis of the DNA by elec trop horesis in a 6% 
polyacrytarrad gel revealed that about 50% of the ptesmid 
molecules had been linearized. 

Removal of the 5" -protruding ends with Si nucfeas** To 
Jmove the extended 5*-emte, the EooRI digested DNA was 
seated with the single-strand specific nuclease Si (figure 
ib). In three separate experiments 1.7 ug DNA were in- 
cubated in a volume of SO ii in a buffer containing 280 mM 
-ocBum chloride, 30 mM sodium acetate (pH 4A), 4£ mM 
*£nc acetate and 20 ug tni single-stranded DNA of phage 
id with 160 units, 800 units and 4000 units Si nuclease 
(Boetiringer, Mannheim, FRO) tor 30 minutes at 20 »C. The 
reactions were stopped by adding ammonium acetate and 
EDTA to final corx»ntrations of as M and TO mM, respec- 
tively, and incubation for 7 minutes at 65 # C- After removal 
vjf (he protein by extraction with phenol followed by treat- 
ment with ether, the three mixtures were combined and the 
resutoig solution chrcmatographed through Sephadex G75 
equflftxated in a buffer of pH 7.0 consisting of u mM 
TrisJHCt. 0.25 mM EDTA and 50 mM potassium acetate. 
DNA containing fractions were combined before the DNA 
was precipitated with ethanoJ and stored in Bgation buffer. 
The resulting solution with 4.3 ug DNA contained fragment 
£ (figure 6b). 



*X Preparafcn of ptasmid pDSi.to2* accepting the 
oromoterTbperator fusion 

OSLtoT (figure 4) was chosen as vector to accept the 
promote^operator fusion. Therefore. 5.1 pg DNA of this 
Ptasmid were digested to completion with restriction en- 
{^nucleases Hindlll and Xhol (figure 6c). After ^activation 
of the enzymes by incubation for 7 minutes at 55°C and 
raroval of the protein by extraction with phenol followed by 
treatment with ether, the DNA was precipitated with ethanoJ 
snd stored in a buffer consisting of 2JS mM Tris/HCl (pH 
7 A) and 025 mM EDTA. 
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D. Construction of pDS2/P tosWo? 

To c onstruct pDS2ff > Na xyo,t 9 r the promoter entity 
(fragment 1) and the operator entity (fragment 2) of P 
tasx/owere Bgated together and the resulting fusion subse- 
quently embedded in pDSl.toT (figure 6c). For the fusion 
of promoter and operator 0.05 ug of the DNA mixture 

COma ™° ? ra9tna nt 1 and 3.5 pg of the DNA mixture 
containing fragment 2 were incubated In Igation buffer 
supplemented with 25 mM sodium chloride with 5 units 
T4-DNA Pgasa for 7 hours at 15°C. After inactivation of the 
enzyme by incubation for 7 minutes at 65 °C, the ligation 
mixture was incubated in a volume of 100 pi with 20 units 
Hindlll and 15 units Xhol for i hour at 37°C to obtain the 
promoter/operator fusion as an XhoIAfindtll fragment After 
iructrvafion of the restriction endonucfoases at 65 °C and 
their removal by extraction with phenol followed by treat- 
ment with ether, flia DNA was precipitated with ethanoJ and 
redissofved in Bgatxxi buffer supplemented with 25 mM 
potassium chloride. 0_25 pg plasmid pDSi,to2* rtr jpgtgd 
with Hindlll as wefl as XhoJ and 1.3 units T4-DNA Bgase 
were added and the mixture incubated for 4 hours at is*C 
before the enzyme was inactivated by incubation far 7 
minutes at 65 °C. 

E. cofi C600 (CaCt, competent) was tra n s fo rme d with half 
of the above prepared ligation mixture under appropriate 
corxlitiens. Transformants were setocted at 37*C on Mini- 
mal Agar Ptetes based on M9-medmm (Jii Mffler. 
"Experiments m Molecular Genetics", Cold Spring Harbor 
Uboratory. pp. 431-432 [19*20 supplemented with 02% 
^ucose, 0.5% casein hydrolysate, 10 mg/fitar vitamin Ri, 
40 mgfiter • X-gal \* ( 
5-brorncH4KWcro-3-i^^ and 10-iOO 
jig/ml chlorenphenicoL 

Only transformams containing plasmid pDSl,t «2* with a 
promoter integrated m front of the promoter-free gene tor 
chloramphenicol acetyttiansferase were expected to grow 
on plates with concontratfons of tfiloramrjherfcol of more 
Stan 10 up/ml Furthermore, transformants cont aaim g 
pDSi,tb2* with Piesxa integrated in front of this irxficator 
gene were expected to become blue on these plates, due to 
the induction of the host lac system by binding of the lac 
repressor molecules to the cx^eratrjr sequence present in me 
Jiasnttds and subsequent cleavage of the colourless X-gal 
a> a blue derivative. Therefore, 18 blue transformants from 
plates with 50 jjg/ml or higher concentrations of cNoram- 
phenicol were selected and cultures grown at 37*C m 
LB- medium containing 100 pg/rnl amptcfflin. DNA from 
these cultures was isolated using standard procedures and 
analyzed for its size and the presence of stes for restnctton 
emtonudeases BcoRI. Hindlll. Hinfl and XhoL One plasmid 
cfisplaying the expected patterns after -e l ect r o ph oresis of 
restriction fragments in 6% poryacrytarrrid gels was des- 
ignated pOSZ/Pkzsxx, ,to2* (figure Be). Sequence analysis 
of the Hindlll-Xhol fragment of this plasmid confirmed the 
expected sequence for t <)rometsr ps rJepfcted ; iri 

figure 7. 
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Construction of plasmids pOSXII.3, pOS3.PN25Xu.tD2- and 
pDSXHl.i containing promoter Pn25*o 

In addition to pOS2/Pn2sXo,V»2* (lacking repressor 
gene) three more plasmids containing the prorrroter/operator 
fusion P M25X«, namely pDSXll.3 (mtermediate for the man- 
ufacture of pDS X1IM). pOS3/P«sx /o,to2* (as an example 
of Ptorods according to the invention) and pDSXHl.i (with 
a partly defeted cat-gene lacking RBS; as a negative con- 
trol for comparative purposes), were designed to dem- 
onstrate the function of this element The construction of 
these ptasmids is depicted in figure 8 and more fuQy de- 
scribed below. 

A. Construction of plasm id pDSXII.3 



Plasmid pOSXll,3 was derived from pDS2/P H&fihtcT by 
eliminating tie EcoRI-fragment of this plasmid containing 
the single site for restriction endonudeasos Hindi!! and part 
of the gene for chloramphenicol acetyttransferase (figure 
8a). For that purpose 0.45 pg of pDS2/Ph2s x^tpT were 
digested to completion with restriction endccructease EcoRI. 
After removal of the enzyme by extraction with phenol, the 
solution was crtrornatographed through Sephadex Q75 
eqwEbrated in a buffer of pH 7.6 consisting of 2£ mM 
Tris/HCl and 0.25 mM EDTA. DNA containing fractions 
were combined and the resulting solution was concentrated 
&y ryophfizaiion. 0.13 ug of the ptasmkJ digested with EooRi 
were incubated in a votume of 100 ui sn figaoon buffer with 
'-3 units T4-DNA Egase tor 5 hours at 15°C before the 
- nzyrne was inactivated by ^cubation for 7 minutes at 

~-cofi mis (CaCt, competent) was transformed with 04)7 
<j of the GgatBd DNA under ^jpropriate conditions. Trans- 
tnants were selected at 37°C on MinimaKAgar plates 
' iced on Md-medium (JJ-L MiUer. supra) supplemented 
/rth 0-2% ghjoose. 0.5% casein hydrorysate. 10 mo/Gter 
iitamm Bi. 40 mg/Bter X-gai and 1 mM IPTG 
sop^ and containing either 100 ug/ml 

r^mpicafin or 50 ug/ml cfttorampftenicoL 

Since lost; of the EcoRI-fragment co mp ris in g part of the 
oene for chtorarnpharBcol acetyttransferase results in loss of 
resistance to crUoramphenicci plates with ampccillin were 
found to have about 40 times more transforrnants than 
plates with ampicflEn. 4 transforrnants resistant to ampefltin 
were selected and cultures grown in LB-rnedum containg 
100 ug/ml empicflfin. DNA from these cultures was isolated 
using standard procedures and analyzed tor Ms szb and 
presence of sftes for restriction endomtcJeases EcoRI. Hin- 
tflll. Hinfl. SPstf and Xhoi. One plasmid displaying the ex- 
acted patterns after electrophoresis in 6% ootyacrytamjd- 
yah; was (designated pDSXU,3 (figure 8a). 



3. Construction of plasmids pDS3/PN25Xro,toZ* and 

posxni.1 

-tesmids pDS3^P|«^Xio,tor and pDSXIIU were derived by 
^»mbining appropriate fragments of plasmids pDStX.1 and 
*jDS2/P N25 Xio.to2* (figure 6b) or pDSXII,3 (figure 8c). re- 
spectively. For that purpose, 1.25 ug of these three plas- 
Tnkts were digested in three separate reactions to comple- 
tion with restriction ertdonucieases Psfl and XhoJ. After 
removal of these enzymes by extraction with phenol, the 
throe solutions were chromatography through Sephadex 



075 equilibrated in a buffer of pH 7.6 consisting of 2J5 mM 
Tris/HCI and 0.25 mM EDTA. DNA containing fragments of 
each experiment were combined and the resulting solutions 
co n c ent rated by lyopruOzatioa 

5 

In two separate reactions 0.13 ug digested DNA- of each of 
the plasmids pDSDCl and pDS2/P| CS xja,io2* or pDSDCl 
and pDSXII.3 were incubated in a volume of 60 ul in 
Dgation buffer with 1.3 units T4-0NA ttgase for 10 hours at 

W 15 Q C before th8 enzyme was inactivated by incubation for 
7 minutes at 65°C. Again in two separate reactions E.cofi 
Ml 5 (CaCt, competent) was transformed with 0.12 ug ol 
the figated DNA under appropriate conditions. Transfor- 
mants were selected at 37°C on Minimal- Agar plates based 

15 on M9-mec5um {JX. Mffler, supra) supplemented with 0.2% 
pjucose, 0.5% casein rrydrotysata, 10 mg/nter vrtarnin Bt. 
40 mg/QtBr X-gai and 1 mM IPTQ and containing 100 ug/ml 
Bmptcfflin. Six white tramfomrams of each transformation 
were selected and cultures grown in LB-mecoum containing 

20 100 ug/ml ampjcflfin. DNA of these cultures was isolated 
using standard procedures and analyzed for rts size and 
presence of sites for restriction endonucieases EcoRI, Hirv 
dill. Hinfl, Pstl and XhoJ. Two plasmids derived from 
pDS2^ie5Xt),to2* and pOSX1l,3 dlsolaying the expected 

25 patterns after etectrorjrtrjresis in 6% poryacrytarrod gets 
were designated pDS3/P| GS M),t 0 r (figure 8b) and 
pD8Xllf,1 (figure 8c). respecUvety- 
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Expression of chtoramprieruco! acetyltranslerase in ptamids 
35 containing r^rjnwter/bper^ fusion P^zs *o ■'■ 

To demonstrBtB the usefulness of prornotw/operator 
fusion Prasx*. the synthesis of cntorompftontcoi acetyttrans- 
ferase in celts haroonng plasmids containing P wsxjowas 

40 monitored. Exofi Mi 5 cells transformed with either 
pDS2P«2 5 Xvo.to2 # . POSXIIM or pOSS/Phkx*. toT were 
grown in the presence or absence of 1 mM IPTG m 
LB-medium containing 100 ug/ml ampxaffin at 37 °C to a 
density of 1.7M0» cettsflrrt. 1.5-10 8 calls were coDected by 

45 centrifugation and resuspended in sample buffer containing 
1% SDS, 1% 0-mercaptDethano*, 10% gtyceroi and 62^ 
mM Tris/HCt (pH 6.8). Samples were bated for 5 minutes, 
cftflled on ice, centrifuged at 12 000 xg for 30 seconds and 
electrophoresed in a SDS-corrtaimng pofyaoytamide gel 

SO (12.5% aoytemide) according to the procedure of U. Laem- 
ms, "Cteavage of structural protons during the assembly of 
the head of Bacteriophage T4\ Nature, 227. pp. 680-682 
[1970]. After staining of the proteins with Coomassie bnUant 
Blue R-260 the unbound dye was removed from the get A 

55 3otograph of ttiis gel is shown in figure 9. 

Comparing now lanes t, 2 and 3 of figure 9 it be- 
comes obvious that as expected pDSXHl.i (lane 1) erxxdas 
lac repressor (R) but not chforamphenicol acetyttransferase 
(CAT) whereas In ceOs transformed with pDS2/pN2sXo,tor 

60 {lanes 2 and 3) the repressor is absem and chloram- 
phenicol acetyttransferase is produced in large amounts 
independent of (he presence Of IPTG in the medium. Al- 
though pDS3/PftB5Xo>to2* differs from pDS2/P N2 5X*.t 0 2~ 
only in comprising the gene for the lac repressor (figure 8b). 

65 m ceOs transformed with pDS3/pN2$x«,to2* only unvisihle 
amounts of cfiloramphenicol acetyttransferase are produced 
in the absence of IPTG (compare lanes 4 and 5 with lanes 
i, 2 and 3). However, in ceOs harboring pDS3/PN25*o,to2* 
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and grown in the presence of IPTG essentially the same 
amount of chxxamphenicol acetyttransferase is produced as 
in ceils containing pDS2/P tosx^T (compare lanes 6 
and 7 with lanes 2 and 3). 

The results desc ri bed above show, frat promoter 
Presx/o is repressed tn the presence of lac repressor and is 
induced essentially to fufl activity by adcfition of me inducer 
IPTG. 

Claims 



1. An expression control DNA sequence comprising a col- 
tphags T5 promoter combined with a DNA sequence which 
permits the control of promoter activity. - 

2. An e xpression control DNA sequence according to claim 
1, wherein said cotiphage T5 promoter is the Pics pro- 
moter. 

3. An expression control DNA sequence according to daim 
1 or 2 wherein the DNA sequence which permits the 
control of prom oter activity is an operator. 

4. An expression control DNA sequence according to claim 

I, 2 or 3 wherein said operator is the lac operator or a 
functional part thereat 

5. An expression control DNA sequence according to claim 
4. wherein the lac operator or a functional part thereof 
overlaps the T5 promoter sequence. 

t>. An expression control DNA sequence according to any 
one of claims i to 5 comprising the functional pan of the 
fejctooSoe sequence of fig. 7. 

7 . A '.> expression vector co mp rising an expression control 
DNA sequence according to daims 1 to 6. 

a. An expression vector accorrfing to cfatm 7 which is a 
plasrraJ capable of replication in gram-negative and/or 
Q^am-posftrve bacteria. 

6. An expression vector according to daim 8 which is 
caoafcte of replication n an Exofi strain. 

10. An expression vector according to claim 8 which is 
capable of replication in a B-subtiiis strain 

II. An expression vector according to claim 8 or 0 wruch is 
a member of the pDS 1 plasma (amity. 

12. An expression vector of daim 11 which is 0DS2/P 

M25*D.to2\ 

13. An expression vector of claim 11 which ts pDS3/P«sxio 

14. A transformant carrying an expression vector claimed in 
any one of claims 7 to 13. 

15. A transformant according to daim 14 which is an E.coJi 
strain. 

16. A transformant accorrfing to claim IS which is an Exofi 
M15 strain. 

17. A ' transformant according to daim 14 which is a 



B-subt&s strain. 

18. A process for the manufacture of a pro- or eufcaryotic 
polypeptide which process comprises transforming a host 

5 with an expression vector containing the DNA sequence 
coding for said polypeptide operatwety finked to an expres- 
sion control DNA sequence as claimed in any one of claims 
i to 6, cu&uring the transformant under app rop riat e con- 
ditions of growth and isolating me desired polypeptide from 

to the culture. 

19- A process according to claim 18 wherein the vector is a 
piasmkj capable of replication in gram-nega+trve and/or 
gram-positive bacteria. 

ts 

20. A process according to claim 19 wherein the plasma is 
capable of repfica to n in an ExoS strain. 

21. A process according to claim 19 wherein the ptesmtt is 
20 capable of replication h a B-subti&s strain. 

22. A process according to claim 19 or 20 wherein the 
ptesrnkj is a member of the pDSi family. 

25 23. A process according to claim 22 wherein the ptesmid is 
pDSatfPwsxe.ioZ*. 

24. A process according to daim 22 wherein the plasmti is 
PDSOT« S * 0 ,1<»2\ 

30 

25. A process according to claims 18 to 24 wherein the 
polypeptide ts dforamphenicof acetyttransfefasa 

26. The use of an expression control DNA sequence as 
35 claimed in any one of claims i to 6 for awressmg a oro- or 

eufcaryotic polypeptide. 



Claims for contracting Stats: AT 

40 

1. A process tor the preparation of an expression control 
DNA sequence comprising a coCphage TS promoter com- 
bined with a DNA sequence which permits fte control of 
45 promoter activity, which process comprises combining a 
cofiphage T5 promoter n a manner weD known in the art 
with a DNA sequence which permits the control of promoter 
activity to a functjonal unit 

50 2. A process according to claim 1, wrterein said coSphage 
T5 promoter is the Pies promoter. 

3. A process according to claim 1 or 2 wherein the DNA 
sequence which permits the control of promoter activity is 

56 an operator. 

4. A process accoroing to daim 1. 2 or 3 wherein said 
operator is the lac operator or a functional part thereof. 

30 3. A process according to daim 4, thereby creating an 
expression control DNA sequence characterized in that the 
tec operator or a functional part thereof overlaps the T5 
promoter sequence. 

as 3. A process according to any one of daims 1 to 5, thereby 
creating an expression control DNA sequence comprising 
the njnctional pan of the nucteotid sequence of fig. 7. 
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7. A process for the preparation of an expression vector 
comprising a ONA portion corresponding to an expression 
control DMA sequence obtained according to any one of 
claims 1-6, which process comprises providing said DNA 
potion and introducing sard DNA oration into a convenient 
ex press ion vector. 

• 

8. A process acccording to daim 7, wherein said conve- 
nient expression vector is a ptasmtd capable of replication in 
gram- negative and/or gram-positive bacteria. 

9. A process according to daim a. wherein said piasmid is 
capable of replication in an E cofi strain. 

10. A process according to claim 8, wherein said piasmid is 
capable of re p l ication in a EL subtffis strain. 

11. A process accorcfing to claim 8 or 9. wherein said 
piasmid is a member of the pOS 1 famfly. 

12. The process of claim 11, wherein said piasmid is 

pOS2/P N 25X 0 .t 0 2*. 

13. The process of claim 11. wherein said pJasmti is 
PDS3/P te5 * 0 .t 0 2\ 

14. A process for the preparation of a transtormam carrying 
an expression vector obtained according to any one of 
tfaims 7 to 13 which process comprises transforming a 
vector with said expression vector by methods known in the 



^ process accorcfing to claim 14. wherein said vector ts 
■ » 11 cofi strain. 

X v process according to daim 15. wherein sard E. cofi 
;<irriin is an F. cofi M15 strain. 
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17. A process according to daim 14. wherein said vector is 
a B. subtifis strain. 

18. A process for the manufacture of a pro- or eukaryofc 
polypeptide which process comprises transforming a host 
with an expression vector containing the ONA sequence 
coding for said polypeptide cperatrveJy linked to an expres- 
sion control ONA sequence obtained according to any one 
of claims 1 to 6. curturing the transformam under appro- 
priate conditions of growth and isolating the derived pory- 
peptce from the culture. 

19. A process according to daim 18 wherein the vector is a 
piasmid capable of replication in gram- negative and/or 
prenvoosftive bacteria. 

20. A process according to claim 19 wherein the piasmid is 
capable of repTcation in an Exofi strain. 

21. A process according to claim 19 wherein the piasmid is 
capable of replication in a B-subtifis strain. 

22. A process a c cord ing to daim 19 or 20 wherein the 
piasmid is a member of fhe pOSi family. 



23. A process according to 
PDS2/P W5S Xye,t t> 2*. 



22 wherein the piasmid is 



24. A process according to daim 22 wherein the piasmid Is 
pOS3^>„ 25 x/ 0> tor. 

1 

25. A process according to claims 18 to 24 wherem ?he 
polypeptide »s cifaramohenicoJ arejyfwWyasn. 
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10 20 30 i*0 50 

0 OAATTCCTCG A GGAATTCCG CAICCGGCAT CATGGTTCGA CCAITGAACT 
50 GCAXCGXCGC CGXGXGCCAA AATATGGGGA TTGGCAAGAA CGGAGACCTA 
100 CCCXGGCGXC CGCTCAGGAA CGAGTTCAAG TACTTCCAAA GAATGACCAC 
150 AACCTCTTCA GTGGAAGGTA AACAGAATCT GGXGAXXAXG GGTAGGAAAA 
200 CCTGGTTCTC CATTCCTGAG AAGAAXCGAC CTTTAAAGGA CAGAATTAAT 
250 ATAGTTCTCA GXAGAGAACX CAAAGAACCA CCAGGAGGAG CTCATTTTCT 
300 TGCCAAAAGT TTGGATGATG CCTTAAGAGT XAXXGAAGAA CCGGAAXXGG 
350 GAAGXAAAGX AGAGATGGTT XGGATAGXGG GAGGCAGXXC XGXXXAGCAG 
WO GAAGCGAXGA ATCAACCAGG CCACCXXAGA CTCTTTGTGA CAAGGAXCAX 
**50 GCAGGAATTT GAAAGTGACA CGXXXXXCCC AGAAAXXGAX XTGGGGAAAX 
500 ATAAACTTCT CCCAGAAXAC GCAGGCGXCC XCICTGAGGX CCAGGAGGAA 
550 AAAGGCAXCA AGXAXAAGXX XGAAGXCXAC GAGAAGAAAG ACXAACAGGA 
GOO AGAXGCXXXC AAGXXCXCXG GXCCCCXCCX AAAGCXAXGC AXXXXXAXAA 
650 GACCAXGGGA GXXXX.GCTGG GXXXAGAXCC GGCCAAGCXX GGAGXCCXGX 
700 XGAXAGAXCC AGXAAXGACC XCAGAACXCC AXCXGGAXXX GXXCAGAACG 
750 CXCGGXXGGC GGGGGGCGXX XXXXAXXGGX GAGAAXCCAA GCTXGGCGAG 
a 00 AXXXXCAGGA GCXAAGGAAG CXAAAAXGGA GAAAAAAAXC ACXGGAXAXA 
350 CGACCGXXGA TAXAXCCCAA XGGCAXGGXA AAGAACAXXX XGAGGCAXXX 
900 CAGXCAGXXG CXCAAXGXAC CXAXAAGCAG AGCGXXCAGC XGGAXAXXAC 
350 GGCCXXXXXA MGACCGXAA AGAAAAAXAA GCACAAGXXX XAXCCGGCCX 
%00Q XXAXXCACAX XCXXGCCCGC CXGAXGAAXG CXGAXCGGGA AXXGCGXAXG 
3.050 GCAAXGAAAG ACGGXGAGCT GGXGAXAXGG GAXAGXGXXC ACGCXXGXXA 
2100 CAGCGXXXXC CAXGAGCAAA CXGAAAGGXX XXGAXGGGXG XGGAGXGAAT 

1150 ACCACGACGA XXXCCGGCAG XXXCXAGACA XAXAXXCGCA AGAXGXGGCG 
1200 XGXXACGGXG AAAACCXGGC CXAXXXCCCX AAAGGGXXXA XXGAGAAXAX 
1250 GXXXTXGGXC XCAGCGAAXC CCXGGGXGAG XXXGACCAGX XXXGAXXXAA 
1300 ACGXGGCCAA XAXGGACAAC XXCXXCGCCG CCGXXXXCAC CAXGGGCAAA 
1350 XAXXAXACGC AAGGCGACAA GGXGCXGAXG GCGCXGGCGA XXCAGGXXCA 
1W00 TCATGCCGTC TGTGATGGCT TCCATGTCGG CA GAAIGCTT AAIGAATTA C 
:i.«*50 AACAGXACTG CGATGAGXGG CAGGGCGGGG CGTAATTTTT TTAAGGCAGT 

iSOO T.AXTGGTGCC CTTAAA CGCC TGGGGTAATG ACTCTCTAGA GC— ; 

I 
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10 20 30 40 50 

Xhol 

O CTCGAGGCTG GCATCCCTAA CATATCCGAA TGGTTACTTA AACAACGGAG 
SO GACTAGCGTA TCCCTTCGCA TAGGGTTTGA GTTAGATAAA GTATATGCTG 

Hinfl 

lOO AACTTTCTTC TTTGCTCAAA GAATCATAAA AAATTTATTT GCTTTCAGGA 

Hinfl 

150 AAATTTTTCT GTATAATAGA TTC ATAAATT TGAGAGAGGA GTTTAAATAT 

Xhol 

200 GGCTGGTTCT CGCAGAAAGA AACATATCCA TGAAATCCCG CCTCGAG 
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- «r operator 

fccoRI [ ( EcoRI HindM 

GAATTCAAATTGTGAGCGGATAACAATTTGAATTCCAAGCTT 
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0 CCTCGAGGAA XXCCGGAXCC GGCATCATGG TTCGACCAXX GAACTGCATC 
50 GXCGCCGTGX CCCAAAAXAX GGGGAXXGGC AAGAACGGAG ACCIACCCTG 
100 GCCTCCGCTC AGGAACGAGT TCAAGTACTT CCAAAGAAXG ACCACAACCT 
150 CTTCAGTGGA AGGTAAACAG AAXCTGGTGA TTATGGGTAG GAAAACCTGG 
200 TTCTCCATTC CTGAGAAGAA TCGACCTTTA AAGGACAGAA XXAAXAXAGX 
250 TCTCAGTAGA GAACXCAAAG AACCACCACG AGGAGCTCAT TTTCTTGCCA 
300 AAAGTTTGGA TGATGCCTTA AGACTTATTG AACAACCGGA AXTGGCAAGX 
350 AAAGTAGACA XGGXXTGGAX AGTCGGAGGC AGTTCTGTTT ACCAGGAAGC 
400 CATGAATCAA CCAGGCCACC TTAGACTCTT TGTGACAAGG ATCATGCAGG 
450 AAXXTGAAAG XGACACGXTT TTCCCAGAAA XXGAXXXGGG GAAAIATAAA 
500 CXXCXCCCAG AAXACCCAGG CGXCCTCTCT GAGGTCCAGG AGGAAAAAGG 
550 CAXCAAGTAX AAGTXXGAAG TCTACGAGAA GAAAGACXAA CAGGAAGATG 
600 CXXXCAAGTX CTCTGCTCCC CTCCTAAAGC TATGCAXTTT TATAAGACCA 



650 XGGGACTXXX GCTGGCXTTA GATCCGGCCA AGCTTGGCGA GATXXXCAGG 
700 AGCTAAGGAA GCTAAAATGG AGAAAAAAAX CACXGGAXAT ACCACCGXXG 
750 AXAXAXCCCA AXGGCAXCGX AAAGAACATT ZXGAGGCATT XCAGTCAGTX 
100 GCTCAATGTA CCTATAACCA GACCGXTCAG CXGGAXAXXA CGCCCXXXXX 
350 AAAGACCGTA AAGAAAAAIA AGCACAAGTT TTATCCGGCC XXTAXXCACA 



.30b TTCTTGCCCG CCXGAXGAAX GCXCAXCCGG AAXTCCGTAT CGGAATGAAA 
950 GACGGTGAGC TGGTGATATG GGAXAGXGXX CACCCXXGXX ACACCGXTTX 
1000 CCATGAGCAA ACTGAAACGT XXXCAXCGCX CTGGAGTGAA TACCACGACG 
1050 ATTTCCGGCA GTTTCTACAC AXAXAXXCGC AAGAXGXGGC GTGTTA CGGX 
1100 GAAAACCTGG CCTATTTCCC TAAAGGGTTT AXXGAGAAXA XGXTTTTCGX 
1150 CTCAGCCAAX CCCTGGGTGA GTTTCACCAG TXXXGAXTXA AACGTGGCCA 
1200 AXAXGGACAA CTXCXTCGCC CCCGTXTTCA CCAXGGGCAA AXATXAXACG 
1250 CAAGGCGACA AGGTGCXGAX GCCGCXGGCG AXXCAGGXXC AXCAXGCCGX 
1300 CTGTGAIGGC XXCCAXGXCG GCAGAATGCT TAAXGAAXXA CAACAGXACX 
1350 GGGAXGAGXG GCAGGGCGGG GCGXAAXXXX TXXAAGGCAG XXAXXGGTGC 



1400 CCTTAAACGC CXGGGGXAAX GACXCXCXAG AGACXCCXGT XGAXAGAXCC 
1450 AGXAAXGACC XCAGAACXCC AXCXGGAXXX GXTCAGAACG CTCGGXXGCC 
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0 GAATTCGCGC XAACXXACAX XAAXXGCGXX GCGCTCACTG CCCGCXXXCC 
50 AGXCGGGAAA CCXGXCGXGC CAGCTGCAXT AATGAA1CGG CCAACGCGCG 
100 GGGAGAGGCG GTTTGCGTAI TGGGCGCCAG GGTGGTTTTT CXXXXCACCA 
150 GTGAGACGGG CAACAGCTGA TTGCCCTTCA CCGCCTGGCC CTGAGAGAGT 
200 TGCAGCAAGC GGTCCACGCT GGTTTGCCCC AGCAGGCGAA AAXGCXGXXX 
250 GATGGTGGTT AACGGCGGGA XAXAACATGA GCXGXCXXCG GTATCGTCGT 
300 ATCCCACTAC CGAGATAXCC GCACCAACGC GCAGCCCGGA GXCGGXAAXG 
350 GCGCGCATTG CGCCCAGCGC CAXCXGAXCG TTGGCAACCA GCATCGCAGT 
400 GGGAACGATG CCCTGATTCA GCATTTGCAT GGXXXGXXGA AAACCGGACA 
450 XGGCACXCCA GTCGCCTTCC CGXXCCGCXA TCGGCTGAAT XXGAXXGCGA 
500 GXGAGAXAXX TATGCCAGCC AGCCAGACGC AGACGCGCCG AGACAGAACT 
550 XAAXGGGCCC GCTAACAGCG CGAXXXGCXG GXGACCCAAX GCGACCAGAT 
600 GCXCCACGCC CAGTCGCGTA CCGTCTTCAT GGGAGAAAAT AATACTGTTG 
650 ATGGGTGTCT GGTGAGAGAC ATCAAGAAAT AACGCCGGAA CATTAGTGCA 
700 GGCAGCTTCC ACAGCAATGG CAXCCXGGXC ATCCAGCGGA XAGXXAATGA 
750 TCAGCCCACT GACGCGXXGC fJCGAGAAGAT TGTGCACCGC CGCXTXACAG 
flOO GCTTCGACGC CGCTTCGTTC TACCATCGAC ACCACCACGC XGGCAGCCAG 
a 50 TTGATCGGCG CGAGAXXXAA XCGCCGCGAC AAXTTGCGAC GGCGCGTGCA 
900 GGGCCAGACX GGAGGTGGCA ACGCCAATCA GCAACGACXG XXXGCCCGCC 
050 AGTTGTTGTG CCACGCGGXX GGGAAXGXAA TTCAGCTCCG CCATCGCCGC 
1000 XXGQAQXXXX XCCCGCGXXX TGGCAGAAAC GTGGCTGGCC XGGXXCACCA 
1050 CGCGGGAAAC GGXCXGAXAA GAGACACCGG CAXACXCXGC GACAXCGXAX 
a 100 AACGXXACXG GXXXCAGAXX CAGCACCCXG AAXXGACXCX CXXCGGGGCG 

U50 CXAFCAXGCC AXACCGCGAA AGGXXXXGCA CCAXXGGAXG GXGXCAACGX 
1200 AAATGCAXGC CGCXXCGCCX XCGCGCGCGA AXXGCXCGAG GAAXXCCXCG 
1250 AACCGCCXCC XGCAACXCXC XCAGGGCCAG GCGGXGAAGG GCAAXCAGCX 
1300 GXTGCCCGXC XCGCXGGXGA AAAGAAAAAC CACCCXGGCG CCCAAXACGC 
13 50 AAACCGCCXC XCCCCGCGCG XXGGCCGAXX CAXXAAXGCA GCXGGCACGA 
iUOO CAGGXXXCCC GAGXGGAAAG CGGGGAGXGA GCGCAACGCA AXXAAXGXGA 
is* 50 GXXAGCXCAC XCAXXAGGCA CCCCAGGCXX XACACXXXAX GCXXCCGGCT 
1500 CGXAXGXXGX GXGGAAXXGX GAGCGGATAA CAAXXXCACA CAGGAAACAG 
1550 CXAXGACCAX GAXXACGGAX XCACXGGCCG XCGXXXXACA ACGXGGXGAG 
^600 XGGGAAAACC CXGGCGXXAC CCAAGXXAAX CGCGXXGCAG CACAXCCCCC 
IS 50 CXXCGCCAGC XGGCGXAAXA GCGAAGAGGC CCGCAGCGAX CGCCCXXCCC 
1700 AACAGXXGCG CAGCCXGAAX GGCGAAXGGC GCXXXGGCXG GXXXCCGXCG 
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1750 AAGCXXGGCG agaxxxxcag gagctaagga agctaaaaxg gagaaaaaaa 
1800 tcactggaxa taccaccgtt gatatatccc aaxggcatcg taaagaacat 
1850 xxxgaggcax xxcagxcagx tgctcaaxgt acctaxaacc agaccgxxca 
1900 gcxggaxaxx acggccxxxx xaaagaccgt aaagaaaaax aagcacaagx 
1950 xxxaxccggc cxxxaxxcac axxcxxgccc gccxgaxgaa xgcxcaxccg 
2000 gaaxxccgxa xggcaaxgaa agacggxgag cxggxgaxax gggaxagxgx 
2050 tcacccxxgx tacaccgxtx xccaxgagca aacxgaaacg xxxxcaxcgc 

2100 XCXGGAGXGA AXACCACGAC GAXXXCCGGC AGXXXCXACA CAXAXAXXCG 

2150 CAAGAXGXGG CGXGXXACGG TGAAAACCTG GCCXAXXXCC CXAAAGGGXX 

2200 TAXXGAGAAX AXGXXXXXCG XCXCAGCCAA XCCCXGGGXG AGXXXCACCA 

2250 GXXXXGAXTX AAACGXGGCC AAXAXGGACA ACXXCXXCGC CCCCGXXXXC 

2300 ACCAXGGGCA AAXATXAXAC GCAAGGCGAC AAGGXGCXGA XGCCGCXGGC 

23 50 GAXXCAGGXX CAXCAXGCCG XCXGXGAXGG CXXCCAXGXC GGCAGAAXGG 

2^00 TXAATGAAXX ACAACAGXAC XGCGAXGAGT GGCAGGGCGG GGCGXAAXXX 

2H50 XTXXAAGGCA GXXAXXGGXG CCCXXAAACG CCXGGGGXAA XGACXCXCXA 
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O CTCGAGGCTG GCATCCCTAA CATATCCGAA TGGTTACTTA AACAACGGAG 
50 GACTAGCGTA TCCCTTCGCA TAGGGTTTGA GTTAGATAAA GTATATGCTG 

Hinfl 
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